Objectives/Hypothesis: To determine whether injection augmentation reduces the likelihood of ultimately needing definitive framework surgery in unilateral vocal fold paralysis (UVFP) patients. Study Design: Retrospective cohort study.
INTRODUCTION
Over the last 20 years, the at-risk population for unilateral vocal fold paralysis (UVFP) has increased in conjunction with 3-and 8-fold increases in thyroidectomy 1, 2 and anterior cervical disk fusion procedures. 3 These, in addition to other operations, carry significant risks of vocal fold paralysis. 4, 5 Unilateral vocal fold paralysis variably causes dysfunction in voice, swallowing, and breathing and has major quality-of-life consequences. 6, 7 The basic tenet of treatment is to reestablish symmetrical medial closure of both vocal folds to reduce symptomatic glottic insufficiency. Treatment decisions are based on symptom severity, etiology, and paralysis duration prior to presentation.
Vocal fold injection augmentation is used when symptomatic paralysis is considered temporary, prognosis for recovery is unknown, or if other medical conditions preclude definitive management. It is highly effective at ameliorating associated UVFP symptoms. 8 Most practitioners opt for injection augmentation prior to considering definitive framework operations. 9 Large epidemiological studies indicate that over 80% of postthyroidectomy UVFP cases are transient. 10, 11 Recognizing the possibility of spontaneous recovery, most surgeons recommend that patients wait 6 to 12 months prior to offering framework operations. 12 An injection augmentation can effectively manage symptoms during this recovery period.
While advocated as a temporary treatment, early vocal fold injection augmentation has been proposed to reduce the need for more definitive framework surgery. [13] [14] [15] These studies posit that early injection could alleviate symptoms and have a lasting effect (beyond the time expected simply by the presence of injectate), obviating the need for further invasive operations. However, overrepresentation of patients with transient paralyses (early presenters) in these studies could bias results. Investigation into the association requires adjustment for this selection bias. The primary aim of the present retrospective cohort study was to investigate whether injection augmentation reduces the likelihood of ultimately needing framework surgery. Secondary analysis audited practice patterns in UVFP management that may affect time to presentation and treatment.
MATERIALS AND METHODS
The retrospective cohort study was performed in accordance with the Declaration of Helsinki, Good Clinical Practice, and approved by the Institutional Review Board (140076).
Overall Cohort
New UVFP patients were identified using International Classification of Disease, version 9 (ICD-9) codes (478.30, 478.31, 478.32) derived from Vanderbilt Department of Otolaryngology, Nashville, Tennessee, administrative billing records from 2008 through 2012. Each patient's diagnosis was confirmed by medical record review. Excluded were patients with incongruous diagnoses (e.g., vocal fold fixation, bilateral vocal fold immobility) and those less than 18 years of age. Records were reviewed in summer 2014, yielding a range of follow-up between 1.5 and 6 years. Each patient was tracked longitudinally from symptom inception to presentation and through any UVFP-directed treatment to final clinical outcome (e.g., stabilization of symptoms).
Data Collected
Data extracted included patient characteristics (age, gender, race), UVFP etiology, UVFP treatments (observation, voice therapy, injection augmentation, framework surgery), and each patient's time from symptom onset to presentation to community otolaryngology-and, ultimately, to the academic center. Time to treatment(s) and between treatments was recorded. Unilateral vocal fold paralysis characteristics upon presentation to the academic center were recorded including sidedness (right/left), degree of paralysis (partial/complete), and whether vocal folds achieved complete closure with maximal effort during laryngoscopic examination (i.e., glottic gap) (yes/no). All data were entered and stored in the secure, Web-based REDCap (Research Electronic Data Capture) (1 UL1 RR024975 NCRR/NIH). Two independent extractions were performed to confirm data accuracy.
Surgical Treatments
All vocal fold injection augmentation procedures during this time period were performed using Cymetra (LifeCell, Corp., Bridgewater, NJ) and were conducted in the operating suite during direct microlaryngoscopy. The injection was placed into the ipsilateral paraglottic soft tissue to medialize the vocal fold. Definitive type I laryngoplasty 6 arytenoid adduction, hereafter referred to as framework surgery, was performed when UVFP was 1) known to be permanent, 2) symptomatic enough to cause substantial diminishment of a patient's quality of life, and 3) persisting at least 6 months since any injection augmentation to allow any residual injectate to be resorbed. Framework surgery is considered a surrogate outcome for failure to regain adequate reinnervation or favorable synkinesis. Skew of UVFP side was determined using methodology previously described. 16 In brief, laterality skew was calculated using the equation: Skew 5 (# cases on right/total # cases) 20.5. Skew is zero when there is no laterality predilection. However, as ratio of left-sided cases increases, the value becomes more negative, with a maximum/minimum value of 6 0.5. 16 Skewness was measured and plotted for each UVFP etiology that had greater than five cases in the cohort and statistical significance assessed using Pearson's or Fisher's exact chi 2 tests, as appropriate.
Statistical Analysis
To analyze the effect of early injection augmentation on the ultimate need for framework surgery, we included patients 1) presenting to the academic center directly (or indirectly, but without previous surgery), 2) presenting within 9 months of symptom onset, 3) without a known recurrent laryngeal nerve transection or sacrifice, 4) without current or history of laryngeal cancer, 5) surviving greater than 18 months following injection, and 6) not lost to follow-up. Univariate analyses determined whether characteristics were associated with receiving framework surgery. The primary analysis assessed whether earlier injection augmentation affected odds of ultimately undergoing framework surgery. In this analysis, only those patients meeting criteria and who had undergone injection augmentation at the academic center were included.
Stepwise, multivariate logistic regression analysis assessed which variables independently changed the odds of undergoing framework surgery. Variables considered for the model were age (continuous), gender (male/female), etiology (surgical, nonsurgical), completeness of vocal fold closure at presentation (yes/no), side of paralysis (right/left), degree of paralysis at presentation (partial/complete), and duration of symptoms (months). A significance level of P < 0.20 was the criterion for inclusion of these variables in multivariate models, although a P < 0.05 was required for statistical significance. Table I . The annual number of new UVFP patients seen at our tertiary laryngology center increased 1.82-fold (93-169) from 2008 to 2012. Based on laryngoscopy, 48% had incomplete vocal fold closure (44% complete, 8% not recorded), and 19% had partial paralyses at presentation.
RESULTS

Of
Etiology
Etiologies were varied and included surgery (48%, 304/633), idiopathic (37%, 234/633), intubation (4.9%, 31/ 633), trauma (3.8%, 24/633), malignancy-related (3.6%, 23/633), cerebrovascular accident (1.6%, 10/633), and others (Table II) . Thyroid operations represented the most common surgical etiology for UVFP (32%, 98/304), followed by anterior cervical disk fusion (ACDF) (20%, 61/304). Overall, 60% (378/633) of patients had left-sided paralyses. Significant side propensities exist based on etiology (Fig. 1 ).
Time to Presentation
Community Otolaryngology. In all, community otolaryngologists saw 54% (341/633) of patients who were eventually seen at the academic center. Median time from UVFP symptoms onset to being seen by a community otolaryngologist was 2 months (IQR 1-5; range < 1 week-144 months) ( Table III) . Management of these patients consisted of observation and supportive care (58%, 199/341), surgery (30%, 103/341), voice therapy (7.3%, 25/341), and both voice therapy and surgery (4.1%, 14/341). Surgical interventions included injection augmentation (78/123), framework surgery (24/123), and injection augmentation followed by framework surgery (21/123). In the community setting, there were a median 4 (IQR 1-10.5; range 1-120) and 12 months (IQR 6-26; range 1-216) from symptom onset to injection augmentation and framework surgery, respectively.
Academic Center. A total of 292 UVFP patients presented directly to the academic center within a median 4 months after symptom onset (IQR 2-9; range < 1-672) compared with 9 months (IQR 5-24; range < 1-576) if seen previously by a community otolaryngologist (chi 2 5 68.0; P 5 0.0001) (Table III) . Among these patients, treatments employed were observation/ supportive care (53%; 156/292), surgery (36%; 105/292), voice therapy (6.9%; 20/292), and both voice therapy and surgery (3.8%; 11/292). In order, operations were injection augmentation (72%; 82/114), framework surgery (17%; 19/ 114), and injection augmentation followed by framework surgery (11%; 13/114). Of those injected, 14% went on to undergo framework surgery (13/95). The remaining patients avoided further intervention due to symptomatic improvement (66%, 63/95), loss to follow-up (12%, 11/95), death (6.3%, 6/95), or another reason (2.1%, 2/95).
Ultimate Treatment for UVFP
Ultimate treatment was defined as the terminal procedure performed to rehabilitate each of the 633 patients in the cohort, regardless of whether it was performed in the community or academic setting. Options include 1) no procedure/operation, 2) injection augmentation, or 3) framework surgery. In all, 46% required no procedure/ operation, and 28% and 26% had an injection augmentation and framework surgery as the ultimate treatment, respectively. Treatment distribution differed based on whether the etiology was surgery, idiopathic, or other (Pearson chi 2 5 27.7; P < 0.001) (Fig. 2) . There was no difference in rate of injection between etiologic categories (Pearson chi 2 5 3.70; P 5 0.16). In contrast, framework surgery was performed more often among patients with surgically induced UVFP than those with idiopathic (Pearson chi 2 5 10.8; P 5 0.001) or other UVFP etiologies (Pearson chi 2 5 9.92; P 5 0.002).
Factors Associated with Framework Surgery
From the cohort of 633 UVFP patients, 325 met inclusion criteria. Less than half (41%; 132/325) underwent a rehabilitative procedure. Of these, 87% (115/132) had injection augmentation. All injection-na€ ıve patients ultimately underwent framework surgery (17/17). In comparison, 19% (23/115) who had undergone prior injection later received framework surgery (Pearson chi 2 5 44.9; P < 0.001). Patients who were injected presented earlier than those who were not (median 4 months [IQR 2-5] vs. 7 months [IQR 6-8]; chi 2 5 12.2; P < 0.001). Framework surgery was more commonly performed in patients presenting between 6 and 9 months than in either the 0-to 3-month or 3-to 6-month period after symptom onset (chi 2 5 8.06; P 5 0.018) (Fig. 3 ). During this later time interval, 68% of framework surgeries were performed without antecedent injection augmentation.
Table IV compares characteristics among injected patients based on whether they ultimately underwent definitive framework surgery. There was no difference in time to injection, age, gender, or vocal fold closure at presentation or paralysis side between groups. Etiology distribution differed nonsignificantly between groups (chi 2 5 3.18; P 5 0.075). Patients with a surgical etiology had a higher rate of framework surgery than either idiopathic or other etiologies. Multivariate logistic regression adjusting for etiology found that time to injection augmentation did not affect odds of ultimately undergoing framework surgery (odds ratio [OR] 1.13; confidence interval [CI], 0.92-1.40; P 5 0.23) ( Table V) . Compared to nonsurgical etiologies, those caused by surgery were associated with increased odds of needing framework surgery (OR 4.25; CI, 0.90-20.1; P 5 0.07).
DISCUSSION
The standard approach to treating symptomatic UVFP is to reestablish vocal fold closure through surgical modification of the affected vocal fold position (e.g., injection augmentation, framework surgery). There is clinical suspicion that patients who undergo earlier injection augmentation for UVFP appear less likely to require definitive framework surgery-a surrogate for vocal fold recovery. [13] [14] [15] This has raised the question whether injection augmentation promotes recovery. The biologic mechanism underlying this observation is unclear, and there is concern that the association may be related to selection bias.
Bias in this setting would provide a distorted estimate of the effect of injection augmentation and would arise from the way patients were selected for early injection, or differential surveillance, diagnosis, and referral into the study. 17 In this setting, patients diagnosed earlier are more likely to have spontaneous recovery. 12 Moreover, UVFP patients presenting earlier to an otolaryngologist are more likely to have injection augmentation earlier. The potential misattribution of recovery to injection is illustrated in a population-based study in which nearly half of the 142 monitored and untreated cases of unilateral vocal fold paralyses had spontaneous recovery between 1-to 6-week and 6-month follow-up visits. 18 Thus, there is a risk of falsely attributing recovery to the injection when, in fact, it may have occurred spontaneously.
Our study aimed to further investigate this clinical observation and analyze whether early injection augmentation for UVFP reduces odds of ultimately requiring definitive framework surgery. To address the risk of this bias, the stepwise multivariate analysis included time to otolaryngology presentation for treatment as a continuous variable and the UVFP etiology (surgery, nonsurgical). In contrast with previous studies, our results demonstrated that timing of injection augmentation within the first 9 months did not change the odds of requiring framework surgery. In other words, earlier injection did not affect the chance of ultimately needing a more permanent intervention. This corroborates recent findings from the Pei et al. open-label randomized trial in which early hyaluronate injection did not improve nerve regeneration, but it made a significant impact on patient quality of life. 19 Several previous studies have considered this relationship. Yung et al. found that 26% (5/19) of patients injected versus 66% (23/35) of patients not injected ultimately required definitive type I laryngoplasty. 13 Another study by Friedman et al. that compared early (< 6 months from onset) versus late (> 6 months from onset) injection augmentation for UVFP found that 62.5% (20/32) of patients who were injected early were able to avoid definitive open surgery due to persistent improvement compared with 0% (0/3) who were injected later.
14 Alghonaim et al., using a similar study design, concluded that earlier augmentation diminished the likelihood of needing framework surgery. 15 The observed associations in these prior case series could alternatively be explained by selection bias; those presenting earlier were diagnosed with UVFP earlier and therefore had a higher likelihood of spontaneous recovery, regardless of intervention type (or lack thereof).
Time to Treatment
Regardless of whether injection augmentation affects vocal fold recovery, there is a clear advantage to early treatment of the UVFP-attributed symptoms in order improve patient quality of life. 19, 20 Without a temporizing injection, patients often wait 6 to 12 months with debilitating voice, swallowing, and breathing difficulties until they are considered candidates for definitive framework surgery. Therefore, shorter time to otolaryngology presentation is preferable. The present study audited the time to presentation to community and to the academic center to better understand current practice.
UVFP patients presented to community otolaryngologists within 2 months of symptom onset. Interval to presentation to the academic center depended on whether they had a previous consultation. Those presenting directly to the academic center were seen 2.5 months earlier than those evaluated elsewhere first (4.5 vs. 7 months). These intervals are similar to those reported by Spataro et al. 16 Time to treatment also varied by practice pattern. Community otolaryngologists saw patients earlier, but deferred treatment a median of 2 months, presumably to allow for spontaneous recovery. In contrast, patients presented to the academic center later and underwent initial intervention earlier, usually within the first month of presentation. Understanding these practice patterns is a first step toward optimizing care in the UVFP population. Earlier injection and/or referral may prevent short-term UVFP associated disability.
Etiology
In this cohort, nearly half (46%) of patients did not undergo any rehabilitative operation. Patients who had a surgical cause of UVFP were more likely to undergo framework surgery. In contrast, those with idiopathic and other etiologies were more often managed with supportive care and avoided definitive surgery. Etiologies encountered in this study coincide with those described in large case series in the literature. 16, [21] [22] [23] [24] Similarly, the laterality propensity based on etiology corresponds closely with that described in a recent study. 16 No other patient or disease characteristic was associated with worse or better prognosis.
Limitations
Results must be considered in context of the inherent limitations of its retrospective cohort study design. Moreover, any study showing change in vocal fold functional recovery can be confounded by a baseline and spontaneous recovery rate, which is exemplified by the transience of UVFP after many surgical procedures. 11, 18, [25] [26] [27] Also, avoidance of framework surgery is a surrogate outcome for sufficient recovery to mitigate patient symptoms. It is considered an important outcome because the decision to undergo definitive surgery is patient-driven, based on symptoms and effect on quality of life.
CONCLUSION
Nearly half of UVFP patients do not require any surgical intervention. When indicated, injection augmentation is highly effective at temporarily alleviating attributable symptoms and improving quality of life. However, it does not reduce the likelihood of needing definitive surgical intervention in patients with UVFP. Understanding practice patterns and fostering early detection and treatment may improve quality of life in this population. Further studies assessing the relationship the effect of injection augmentation on need for ultimate framework surgery must carefully consider and control for selection bias.
